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Abstract 

We argue that the relativistic Unruh temperature cannot be associated 
with the bits on the screen, in the form considered by Verlinde. The 
acceleration a is a scalar quantity (the modulus of the acceleration four 
vecor) and not a vector. 

When the mass m approaches the holographic screen, viewed as a 
stretched horizon, the shift Ax from Verlinde's Eq. (3.15) becomes c /a 
and the entropy variation equals (l/2)fc.eAiV , in accordance with Gao's 
calculations. 

Using the Heisenberg Principle we show that the energy on the causal 
horizon (viewed as a holographic screen) of an inertial observer is propor- 
tional to its radius , as for a black hole. 

Keywords : holographic screen, causal horizon, equipartition law, 
time dependent entropy. 

1. Introduction 

To have a complete theory of quantum gravity we must clarify whether the 
gravitational interaction is fundamental. One of the remarkable steps toward 
the nature of gravity is given by black hole thermodynamics and especially the 
proportionality between entropy and horizon area. 

Once Jacobson [T] derived Einstein's equations using thermodynamic argu- 
ments and the Raychaudhuri equation, Padmanabhan [2] stressed the emergent 
character of gravity using the law of equipartition in the horizon degrees of 
freedom perceived by local Rindler observers. 

Recently Verlinde [3 brought evidences for the entropic nature of the grav- 
itational force. A plethora of papers related to Verlinde's idea emerged in the 
last weeks. Li and Wang [3] showed that an UV/IR relation can be derived from 
the entropic force formalism while Wei et al. [5] derived the modified Friedmann 
equations from the entropic force and the first law of thermodynamics. Other 
applications related to Verlinde's paper were developed in [6] [7] [8] [9] [10] [11] . 
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2. What is Ax ? 

According to Verlinde, Ace is a "displacement" (p. 7 of [3]), above Eq. 
(3.6)). According to the Fig. 2, Ax seems to be the distance between the test 
particle of mass m and the (planar) holographic screen. In Fig. 3 it is not clear 
what is Ax since the mass m is near the spherical screen. Verlinde obtained 
correctly the law of gravitation (3.13) because the l.h.s. and the r.h.s. of his 
equation (3.7) are proportional to Ax. However, that is not a reason not to 
explain what is exactly Ax. 

A possible explanation results from the bottom of p. 10, where Verlinde 
moves the screen instead of the mass m. He found correctly that force will not 
change even though the number of bits on the screen increases . In fact, this is 
a direct consequence of the Birkhoff theorem stating that the radial pulsations 
of the holographic screen (or of the mass M, which is equivalent to the energy 
distributed on the screen) will not change the outer gravitational field (and 
therefore the force on m) as long as the spherical symmetry is preserved. 

The fact that the value of Ax plays no role for the entropic force has also 
been observed by Gao [T2] (see also his footnote no. 4, p. 3). He also gave the 
correct expression for AS in terms of R and i?o, as it was suggested by Verlinde 
at p. 10. 

From Eqs. (3.6) and (3.7) it is clear that x — const, leads to AS = , 
whence F = , i.e. the entropic force is vanishing. The Newtonian force acting 
on m is, of course, nonzero when m stays somewhere at a fixed distance from the 
screen. As Gao [12] has noticed, Verlinde's causal chain Ax — > AS — > F does 
not work and, therefore, gravity is not an entropic force. We agree with Gao's 
point of view in this respect. However, we consider the implication Ax — > AS 
to be valid. 

Let us apply this implication for a simple physical situation : take a rocket 
at rest w.r.t. some inertial reference system I. Let the rocket begins moving with 
constant acceleration (hyperbolically) w.r.t. I, on a distance, say, Ax. We know 
from Special Relativity that a Rindler horizon forms, from the point of view of 
a traveler inside the rocket. Taking the horizon as the holographic screen, we 
may say that a change of entropy on the screen will appear because of Ax. We 
already have here a natural temperature : the Unruh temperature Tjj of the 
thermal bath around the hyperbolic observer, comoving with the rocket. With 
the help of the Verlinde relations (3.6), (3.7) and the expression of Tu, one ob- 
tains F — ma, m being the traveler mass. Here F is the force of inertia exerted 
on the traveler ( or the force which stretches a spring fixed in the rocket), as if 
it were atracted by the holographic screen. An entropy increase on the screen 
leads to an energy (heat) increase [12] . Where does the energy come from? It 
comes from the rocket engine. The work done by it equals TjjAS. The above 
example could explain the origin of inertial forces : they arise from the entropy 
increase on the holographic screen (here the Rindler horizon, see [T3] [I!])- A 
similar idea has been recently expressed by Lee [T3] , who suggests the inertia is 
related to dragging the Rindler horizons. 

3. The time dependent entropy 
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There is another puzzle related to Ax. In his equation (5.29) Verlinde has 
written a covariant expression for AS* (taking a and b to run from to 3). 
Suppose iV a has a nonzero temporal component (N t < 0). We have in this case 

M 

If the mass m is at rest w.r.t. the screen ( Ax — 0), S depends only on time 
and (1) can be written as 

2 

777 C 

AS = 2irk B — N t At (0.2) 

(the minus sign from (5.29) is not necessary here). 

Eq. (2) shows that we have an entropy change simply because time flows. 
That is in accordance with Gao's remark that the condition Ax ^ is not 
mandatory to get a nonzero gravitational force due to the mass M. If the entropy 
increases on the holographic screens as time proceeds, that means Nature does 
work for that and the corresponding energy is recovered on the screens. 

We could show the above argument works without any test particle m. Let 
us consider an observer at rest w.r.t. an inertial system in flat space. After 
a time At, the causal horizon of him expands , covering a sphere of radius 
cAt. Because of the new informations acquired by our observer |16] , an entropy 
variation AS given by 

AS = ifc s AN (0.3) 

will appear, localized on the causal horizon, considered as a holographic screen. 
AN above is given by 



AN = a w (0.4) 



A 
W 

where a is a constant of the order of unity, A = 4ir(cAt) 2 is the area of the 
causal horizon after At and lp = (Gh/c 3 ) 1 ^ 2 . AS from (3) leads to an energy 
variation on the screen, given by AE = TAS. To get the temperature T we 
make use of the Heisenberg Principle , applied for the energy per degree of 
freedom e = (l/2)k B T 

e At = Ph (0.5) 

where (3 is a constant of the order of unity. With T from (5) the energy change 
becomes 

c 4 

AE = 47ra/3 — c At (0.6) 

i.e AE is proportional to the radius cAt of the sphere (or to the time elapsed 
from an arbitrary origin). This resembles the dependence of the black hole mass 
on the horizon radius : = (c 2 /2G)Rh ■ Therefore, we choose a = 1/4 and 

13 = 1/27T. 

Dividing Eq. (6) by Ar = c At, one obtains AE/ Ar = F = c 4 /2G, a value 
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akin with that obtained by Easson et al. [19 in their study on a cosmological 
entropic force. 

We could formally define a "surface gravity" k on the screen, by analogy 
with the black hole case 

K= 4^M = 2Al ( ° J) 
It is worth to mention that the observer appears to be inside the holographic 
screen which, in addition, is going away with the velocity of light (see also [E] 
for a model for the black hole interior) . A possible explanation of the nature of 
AE , present even in Minkowski spacetime, has been given in [18] . We see that 
all the above physical quantities are time dependent (we should have used, for 
example, AT instead of T). Because of the simplicity of the relations, we think 
the model works as if we had thermodynamics at equilibrium. For instance, 
why the black hole temperature is not time dependent? Since the event horizon 
(which acts as the causal horizon) is not expanding (the light emitted from the 
horizon cannot escape outside). Therefore, the Hawking temperature could be 
obtained from (5) replacing cAt by AR B - In other words, T is constant when 
the causal horizon (a null surface) is not expanding. 

4. Acceleration and the entropy gradient 

There is another thing in Verlinde's paper which deserves to be pointed 
out. It concerns his Eq. (3.15) . Verlinde considers the particle with mass m 
approaches the screen , when it should merge with the degree of freedom on the 
screen. The number of bits AN carried by the particle follows from 

mc 2 = ht B TAN, (0.8) 

whence Verlinde immediately obtained 

AS=\k B ^AN. (0.9) 

What is Ax here? Since the particle merged with the microscopic degrees of 
freedom on the screen, we cannot have here an arbitrary Ax. To arrive at (3.15) 
Verlinde used the Unruh formula for the temperature T. But Unruh's thermal 
bath comes from the fact that the hyperbolic (uniformly accelerated) observer 
has a horizon (the screen plays the role of a local Rindler horizon). Therefore, 
Ax should be c 2 /a, the distance to the horizon (the special role played by this 
value was also remarked by Lee [13 ) . Hence, Eq. (9) yields 

AS=-k B AN, (0.10) 

which is in accordance with Gao's estimation (Ref. [11], p. 4) 

mc 2 = AE = TAS = ^k B TAN. (0.11) 
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Another comment concerns Verlinde's statement "it may appear somewhat 
counter-intuitive that the temperature T is related to the vector quantity a...". 
But in the Unruh expression for T, a is not a vector but the modulus of the 
acceleration 4- vector a b . The Unruh formula is purely relativistic and has no a 
classical counterpart. 

Take, for example, the Rindler metric 

ds 2 = -c 2 (l - gx/c 2 ) 2 dt 2 + dx 2 + dy 2 + dz 2 , (0.12) 

where g is the rest-system acceleration and the horizon is located at x = c 2 / g. 
An x = const, (static) observer will have the 4 - acceleration 

a ^(0, T -A_,0,0), (0.13) 

with the modulus a = (a b a&) 1 / 2 = g/(l — gx/c 2 ). It equals a x because a b has 
only one nonzero component (in fact, a is the acceleration appearing in the 
equation for the hyperbolic trajectory, x 2 — c 2 t 2 = (c 2 /a) 2 ). 

We see that a is x - dependent and is equal to g at the origin of coordinates 
(i.e., far from the horizon). The surface gravity on the horizon can be obtained 
from 

k = y/a b a b V-9tt\x=c*/ g = 9 (0-14) 

and, as in the case of the surface gravity (= c 4 /AGM ) for a Schwarzschild black 
hole, it is measured from infinity, which is equivalent to "far from the horizon" . 
Therefore, the use of x or a x in the Unruh formula is not appropriate. A similar 
opinion has recently been expressed by Cai ct al. [20 . 

5. Conclusions 

We pointed out in this letter few comments upon Verlinde's paper on the origin 
of gravity. Since the gravitational force is nonzero even when Verlinde's Ax is 
vanishing, we reached at the conclusion that gravity cannot be an entropic force 
in the form formulated by the author. 

From the covariant form of the entropy change, we conjectured that a time 
dependent entropy on the holographic screen (viewed as the Rindler horizon) is 
at the origin of inertial forces. 
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